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   The thesis work developed and validated a system for scoring the quality of household 
grocery purchases, the Grocery Purchase Quality Index-2016 (GPQI-2016). A grocery 
sales data set (2012-13) without individual household shopper attributes was provided by 
a national grocery chain, and a sample of 4,000 households in each of four geographic 
locations was drawn. The 1,887 categories, known as “subcommodities,” in the database 
were classified into the 29 food categories of the US Department of Agriculture’s Food 
Plan market baskets. A standardized expenditure share for each category was calculated. 
Quality of food purchases was evaluated by comparing the observed to the standardized 
USDA expenditure share for each category and then grouping the categories into 11 
components, based on the Healthy Eating Index-2010 (HEI-2010). Processed meat 
expenditures were also assessed. Households that never purchased tobacco (n=12,460) had 
higher (6%) median total quality scores (30.7 of a possible 75 points) than those who did 
purchase tobacco (n=3,540, median score 26.3, p<0.01), as well as higher scores for each 
of the 11 components (p<0.01). Tobacco users typically have poorer diets than nonusers; 
therefore, construct validity of the GPQI-2016 in assessing grocery food purchases was 
established. The scoring design was further applied to evaluate food purchases from 
another data set, the USDA’s 2012 Food Acquisition and Purchase Survey (FoodAPS), and 
to conduct a correlation analysis with results using the HEI-2010 reference standard. A 
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    The act of buying food at a grocery store and the underlying set of decisions that may 
reflect or otherwise impact a consumer’s dietary quality belong to an unobserved set of 
‘observations of daily living’ [1] that exist outside the usual purview of health research in 
the clinical setting. The contextual background constituted by such everyday activities 
among a freestanding population of grocery shoppers is emphasized at the conceptual level 
throughout this study.  
   The scope and complexity of the food environment are illustrated in a conceptual model 
(Figure 1.1) [2], with the relationship between the consumer nutrition environment and 
consumer behavior (household food purchases) being of particular importance in this 
study, and the retail grocery item set representing price constraints and the availability of 
healthy options. Given the unit of analysis will be at the household level, this relationship 
is further mediated by the community nutrition environment, such as the accessibility of 
grocery store outlets, and by the organizational nutrition environment (the home) in the 
model, although these aspects will be presupposed rather than explicated or analyzed 
systematically in any detail within the current scope of work. Overall, the conceptual model 
clearly shows that there are many intersecting dimensions in the process of translating 




process and its goal of promoting healthier decisions about diet. 
 
1.1 Public Health Implications 
A 'toxic’ (obesogenic) food environment [13 14] and habitual patterns of poor dietary 
choices have been identified as significant factors that have increased the American 
population’s susceptibility for obesity since the mid-1980s.  In contrast to genetically 
determined causes, factors such as diet and exercise may be more amenable to 
improvement through behavioral or lifestyle changes, which can often be facilitated and 
maintained through targeted interventions, guidance, and recommendations [15].  Some 
evidence suggests that as little as a 10% reduction in total body mass can mitigate an 
individual’s degree of risk for chronic disease due to obesity [16 17]. 
As the risks associated with obesity become more urgently communicated by public 
health agencies, many physicians are motivated to discuss preventive measures more 
frequently and more openly in the clinical setting [20-25].  A number of studies, however, 
have pointed to a certain reticence or hesitancy among clinicians to recommend a program 
of dietary or lifestyle changes to their overweight or obese patients in the absence of 
identifiable symptoms for a specific chronic disease condition, such as diabetes [23 26 27].  
As recently as in a 2005 survey [28], fewer than 50% of the responding clinicians said they 
had broached the topic of a lifestyle change or other preventive measures with patients who 
were clinically obese (with Body Mass Index [BMI] > 30 kg/m2), but who otherwise 






1.2 Motivation and Aims 
In the context of an obesity epidemic and the uneven implementation of clinical 
guidelines in response to it, the need for consumer-oriented information and education to 
help bridge the gap between evidence-based dietary standards and actual dietary behaviors 
emerges all the more clearly as a means of assisting in the prevention of obesity and 
reducing the incidence of nutrition-related chronic diseases in the population [3]. It is likely 
that a significant proportion of the population in need of dietary change remains in a 
‘precontemplative stage,’ as the transtheoretical model of behavioral change would 
categorize it [46], and either that population does not seek out information on diet or is 
being passively provided inaccurate information through food marketing and 
advertisements. 
   This perspective means that the public health effort of publishing more and better dietary 
guidance is necessary to establish norms and measures for a healthy diet, yet still 
insufficient to induce dietary change.  The gap between the guidance and dietary behavior 
is therefore a categorical one (e.g., between the normative and the descriptive) and may be 
expected to persist until and unless the guidance can be translated back into more familiar 
contexts of dietary decision-making behavior, such as which foods a shopper chooses to 
buy at the grocery store.  
   Dietary quality indexes encapsulate nutritional and dietary knowledge in a single value 
on an ordinal scale, which may function as a score to measure and rate the compliance of 
an observed behavioral pattern with a set of dietary guidelines [4-7].  Dietary patterns can 
be analyzed in this way to determine, for example, whether the distribution of food groups 




components for overall dietary quality, such as fruits, whole grains, and vegetables [8-13].   
   This thesis explores the hypothesis that a longitudinal record of household grocery 
purchases can indicate the quality of the household food environment in relation to a set of 
dietary guidelines. The primary aim of the following chapters is to develop and validate a 
grocery food purchase quality index to measure this dimension of consumer health at the 
household level.  
































Figure 1.1: Conceptual model of the food environment (drawn from Glanz et 











2.1. Approaches and Challenges in Grocery Purchase Quality Assessment 
   Assessment of the quality of grocery sales data has been limited in previous research 
[14], primarily due to a lack of direct collaborations with retailers or chains who would 
automatically collect and provide the data over time and make sales transactions available 
for secondary analysis. Researchers have had to rely instead on the collection of food 
purchase data from smaller samples of individual consumers, either in the form of paper 
sales receipts [15-21] or by providing households with hand-scanning units to read the 
electronic barcodes of purchases, along with scales to record the weights of nonpackaged 
foods, in the home [22, 23]. Several studies have also analyzed summary grocery sales 
data, such as those collected electronically on a regular basis by proprietary third-party 
marketing research aggregators, such as the Nielsen Company and Information Resources 
Inc. (IRI), to gain insight into household food purchasing histories [24-27]. Additionally, 
a number of researchers have collaborated with grocery retailers to stage interventions at 
the point of purchase [28-30], primarily aiming to demonstrate the effectiveness of 
information and cues that promote healthier eating habits while households are shopping 




2.2. The USDA Food Plan Model 
   The present study uses the US Department of Agriculture’s (USDA) Food Plans as the 
basis for assessing the quality of household grocery purchases, a proxy for the home food 
environment. The USDA Center for Nutrition Policy and Promotion (USDA-CNPP) 
periodically releases four Food Plans, each of which represents a model market basket of 
foods, optimized to meet dietary standards [31, 32]. Each Food Plan corresponds to a 
different quartile of the estimated total expenditures for foods at home nationally. The most 
recent Food Plans, published in 2007, follow the recommendations found in the 2005 
Dietary Guidelines for Americans [33], the USDA Food Patterns [34], and the Dietary 
Reference Intakes [35], for promoting a healthy diet in the general population [31]. By 
design, the Food Plans do not account for that portion of the household budget spent on 
foods away from home. The Plans are intended to vary solely by the cost of food at home, 
not by energy level or by nutritional quality, such that a nutritious and healthful diet can be 
achieved by following any of the four Plans, whether it be the Thrifty and the Low-Cost 
Food Plans in the lower two quartiles or the Moderate-Cost and Liberal Food Plans in the 
upper two quartiles of total food at home expenditures.  
   Historically, a goal of the Food Plans has been to inform consumer household decision 
making on how best to achieve a family’s nutritional needs within certain budget 
constraints [36].  USDA researchers have demonstrated that healthy diets need not be 
expensive and have thereby sought to address concerns about the affordability and 
availability of healthy foods in the marketplace [32, 37, 38]. Several studies have affirmed 
that all four USDA Food Plans contain illustrative market baskets that can provide 




2.3. Previous Approaches 
   To date, few studies have explored in detail the possibility of using USDA’s Food Plan 
market baskets as models for defining food-category-specific target values for the optimal 
distribution of food-at-home expenditures. The Food Plans’ market baskets could serve as 
an indicator of how closely household spending patterns follow, or fail to follow, the Food 
Plans and thereby be used to evaluate the healthfulness of the underlying household food 
environment. Two key studies from the USDA Economic Research Service (USDA-ERS) 
have taken such an approach. Stewart and Blisard (2006) focused on the Thrifty Food Plan 
(TFP) and assessed the likelihood of compliance with the TFP in spending on specific food 
categories by simulating average food expenditures in the lowest quartile of total food 
expenditures across a wide array of household demographic characteristics. The authors of 
that study used the TFP’s cost of food as a benchmark for whether a low-income household 
is allocating its food budget such that the nutritional quality of the household’s diet is 
optimized. Volpe et al. (2013) analyzed national retail data from the Nielsen Homescan 
panel and proposed generalizable methods for scoring the overall healthfulness of a 
consumer household market basket, based on its proximity to the expenditure shares per 
food category in the USDA’s market baskets for the Liberal Food Plan. They chose the 
Liberal Plan because their sample had a higher median household income than the national 
average.  
   Building on these approaches, the purpose of the research presented here was to develop 
and validate the food-based Grocery Purchase Quality Index-2016 (GPQI-2016), a tool that 
can be used to assess the quality of the household food environment using the USDA Food 




proposed index could be applied, using units of analysis other than the household, to 












3.1 The USDA Food Plan Model Market Basket 
   Each USDA Food Plan’s model market basket includes amounts (i.e., pounds per week) 
of food to be purchased for each of 15 age-gender groups to meet their varying nutritional 
needs. These amounts are derived using a mathematical model that balances and optimizes 
both food cost and food quality criteria within a given quartile of total food-at-home 
expenditures. Tables of age-gender weighted food expenditure shares for each of the 29 
food categories in the market baskets are also provided in USDA’s documentation and 
were used to create the standardized expenditure shares used in the present study. 
   Household-level market baskets may be estimated by averaging across the age-gender 
groups within any given Food Plan, using nationally representative statistical weights [39]. 
For this study, a composite market basket was obtained from the four Food Plans by 
weighting the average food category expenditure shares for each age-gender group using 
2012 US Census information on the distribution of these same 15 age-gender groups in the 
U.S. population [42], and then averaging the four weighted expenditure shares per food 
category into a single standardized expenditure share to form a composite Food Plan 
market basket.  




Index-2010 (HEI-2010) [43, 44]. Although the 2015-2020 Dietary Guidelines have been 
published [45], an HEI-2015 had not been released by the time this work was completed. 
The HEI-2010 contains nine adequacy components, where the recommendations found in 
the Dietary Guidelines for Americans (DGA) stresses foods to increase in one’s diet, and 
three moderation components, where the DGA stresses foods to decrease. 
 
3.2 The Food Plan Dietary Patterns Meet or Exceed the HEI-2010 Standards 
   The underlying relationship between the USDA Food Plan market basket model and the 
HEI-2010 is presented in Table 3.1. It illustrates how the dietary patterns for each of the 
four Food Plans [34, 46], after being standardized across all 15 age-gender groups using 
2012 Census population data, meet or exceed the standards used for scoring the respective 
food-based components of the HEI-2010. The USDA documents the Food Plan patterns 
for each food-based component using the Food Pattern (formerly MyPyramid) system of 
cup and ounce equivalents for specific total calorie levels. After the age-gender group 
standardization step, the values for each component were recalculated and are listed here 
in terms of their density measures per 1,000 kilocalories of energy, for the sake of the 
comparison.  
   Overall, the four Food Plans demonstrate a similar degree of compliance with the DGA 
as that expressed by the HEI-2010 standards. The one exception in this estimate was the 
Dairy component from the Liberal plan, which fell slightly below the HEI-2010 standard. 
Documentation for three of the four plans does not include as much detail for the individual 
components as the Thrifty Food Plan (TFP) documentation does. Therefore, the density 




comparison with the HEI-2010 values using the TFP (see Appendix 3: Food Plan 
Consumption Patterns in USDA MyPyramid Amounts of Foods, in [31]).  
   The TFP documentation notes the TFP consumption patterns may exceed the USDA 
Food Pattern recommendations, due to a 5% waste factor that is included in modeling 
purchased foods for this Food Plan [32]. Data for the three other plans were also converted 
from ‘as-purchased’ to ‘as-consumed’ form, using waste factors of 10% (Low-cost), 20% 
(Moderate-cost), and 30% (Liberal), respectively [31]. The TFP documentation further 
states that the proportion of whole fruit, in particular, is greater than the recommended 50% 
of total fruit in most age-sex groups, due to the Food Plan modeling algorithm’s emphasis 
on finding good sources of fiber [32]. 
 
3.3 Components of the Grocery Purchase Quality Index-2016 
   The 29 food categories used for the USDA Food Plan market baskets align well with the 
HEI-2010 components that assess foods. As we have just seen (Table 3.1), both are derived 
from the food groups in the USDA Food Pattern (formerly MyPyramid) guidance system 
[34]. Table 3.2 shows how these categories relate to each other in the scoring design. As 
with the HEI, several of the categories are counted towards more than one component of 
the GPQI-2016. For example, Whole Fruits contribute to Total Fruits, while Greens and 
Beans also count towards Total Vegetables. In the GPQI-2016, ratios between observed 
and expected expenditure shares signify the degree of adherence to the Dietary Guidelines.  
   The GPQI-2016 includes a moderation component for Processed Meats, not found in the 
HEI-2010, for the following reasons. The 2010 Dietary Guidelines for Americans [47] 




presented evidence suggesting an association between the higher intake of processed meats 
and increased risk of colorectal cancer and cardiovascular disease. However, no 
quantitative recommendation was made regarding limits. Although the 2015 Dietary 
Guidelines Advisory Committee [48], which focused their work on overall dietary patterns, 
included red and processed meats as foods associated with increased risk of chronic 
disease, the 2015-2020 Dietary Guidelines also do not contain quantitative limits. The 
2015-2020 Dietary Guidelines [45] do, however, suggest choosing fresh poultry, seafood, 
and lean meat, rather than processed meat and poultry, as a strategy for lowering sodium 
intake. Dietary goals set by the American Heart Association [49] include limiting processed 
meats to less than two servings per week. More recently, the International Agency for 
Research on Cancer [50] concluded that there was sufficient evidence in human beings for 
the carcinogenicity of the consumption of processed meat.  
   Although many diet quality indexes do not include processed meat in their scoring 
method, at least 11 of them do. Five of these, the American Heart Association (AHA) Diet 
Score [51], the Food Quality Score [52], the Mediterranean Diet Pattern Score [53], the 
Comprehensive Healthy Dietary Pattern score [54], and an a priori diet quality index [55] 
count processed meat in its own component, as does the GPQI-2016; whereas the other six, 
the Alternate Healthy Eating Index-2010 (AHEI-2010) [56], the Dietary Approaches to 
Stop Hypertension (DASH) Score [57], the alternate Mediterranean Diet Index (aMED) 
[58], the Mediterranean Diet Score variant (MDS-alt) [59], the Mediterranean Score [60], 
and a modified Mediterranean Diet score (mMedDiet) [61] combine red meat and 
processed meat in one component. The decision to include processed meats, but not red 




underlying the International Agency for Research on Cancer report [50] and the 2010 
Dietary Guidelines for Americans [47] regarding health effects.  
 
3.4 Scoring Design of the Grocery Purchase Quality Index-2016 
   Following the approach taken by Stewart and Blisard [62], the scoring design developed 
here uses the ratio of observed to expected food expenditures to represent household 
compliance. A ratio-based approach has the benefit of being flexible and scalable, as well 
as readily interpretable [9, 63, 64].  
   The scoring standards for the index were created by first summing the standardized 
expenditure shares for the Food Plan categories that contribute to each of the 11 
components. Similarly, the observed household expenditure shares per Food Plan category 
are summed. However, for the Dairy component, the two Food Plan categories with regular 
fat content were constrained so that expenditures from these categories could not contribute 
more than the per-category standardized expenditure share to the cumulative observed 
expenditure share of all Dairy purchases during aggregation for a household’s Dairy 
component scoring. To obtain a GPQI-2016 score for each of the 11 components, the 
aggregate observed food category expenditure share is divided by the aggregate 
standardized expenditure share. For the adequacy components, multiplying the ratio by the 
maximum points for the component results in the component score. For ratios greater than 
1.0, the component score is constrained so as to equal the maximum number of points. For 
the moderation components, a ratio of 1.0 or less corresponds to compliance with the 
DGAs, and maximum points are assigned. A ratio of 5.0 or higher results in the minimum 




points (MaxPoints) to zero.  Expressed mathematically, 
Score=MaxPoints*(max(0.0,min(1.0,1.0-((ratio-1.0)/4.0)))). Finally, the total GPQI-2016 
score is the sum of the 11 component scores. A maximum of 75 points is possible. 
 
3.5 The Grocery Transaction Data Set 
3.5.1 Household Sample Selection 
   A readily available convenience sample of 15 months of sales transaction data from 
January 2012 through March 2013 was donated by a national grocery retail chain for 
134,146 households in four market areas, two in the south and two in the west. The data 
were de-identified, that is, no household attributes or characteristics were included.  
   Household transaction histories had been traced using uniquely assigned loyalty card 
numbers, recorded by the automated store UPC scanning system at the time of purchase, 
as part of a previously existing marketing and promotional shopping program. Each 
household shopping occasion had occurred at a specific retail grocery store location and 
was recorded automatically by the store’s electronic point-of-sale system at a given date 
and time and is uniquely identifiable in the context of that household’s total shopping 
history.  
   The difference between the standardized expenditure shares, described above, and the 
observed values determined each household’s purchasing pattern; that is, by what degree 
they over-spent or under-spent relative to the standardized shares derived from the Food 
Plan composite market basket. The study was approved with an exempt status by the 
University of Utah Institutional Review Board (#18830). 




MySQL, and stored the tables on a HIPAA-compliant, secure data server at the University 
of Utah. Household-level shopping histories were extracted and summarized using queries 
in SQL. Selection criteria to obtain the analytical sample were applied as shown in Table 
3.3. Households spending less than $3.82 per person per day in 2002 dollars, the per-person 
minimum for the TFP, were excluded [39]. According to the Consumer Price Index 
inflation adjustment calculator [65], the equivalent value  in 2012 dollars was $4.88 per 
day or $2,186.24 per person for the 15-month period. Households spending less than this 
amount could not reliably fit the composite Food Plan model. Theoretically, including 
these households could result in lower scores due to insufficient expenditures rather than 
to noncompliance with the standardized expenditure shares. Imposing a minimum 
expenditure was intended to mitigate that possibility, despite the tradeoff of a high number 
of excluded households. 
   A sample of 4,000 households from each of the four geographic locations was randomly 
selected without replacement. The target number was approximately 75% of the 
households from the location with the smallest number of households in the data set. This 
step reduced the likelihood of systematic error due to local market differences, such as 
regional variation in food prices.  
 
3.5.2 The Grocery Food Item Mapping Process 
   A nutritionist classified the grocery items purchased into the 29 food categories used in 
the USDA Food Plans. This mapping process was facilitated by the common practice in 
grocery retail systems of aggregating food items into categories and subcategories, known 




purposes. An example of a department, commodity, subcommodity, and food item would 
be “fresh vegetables, salad vegetables, lettuce, and romaine,” respectively. The first step 
of the mapping process was conducted at the commodity and subcommodity level 
(n=1,887). Then, food items that do not have Food Plan categories, such as bottled water 
and alcoholic beverages, were excluded. The remaining unmapped food items, which 
mainly fell under heterogeneous subcommodities, such as “kosher foods and products” and 
“misc hispanic grocery,” or were of particular nutritional interest, such as whole-grain 
foods, were hand-mapped at the item UPC level, using the often cryptic food descriptions 
found in the grocery database.  
   Of all the purchased food items in the data set, 12.4% were excluded because they are 
not in the Food Plans and 0.6% could not be mapped to the 29 categories in the Food Plans. 
After independent review by a second nutritionist, the results of this mapping process were 
accepted for use in this study. Overall, a total item set of 90,589 products was mapped to a 
corresponding Food Plan category (see per-category frequencies in Table 3.2).  
 
3.6 Validity testing 
   The sample households were stratified by tobacco purchasing history (ever/never). That 
is, if any of the transactions in a household’s history included a tobacco product, the 
household was placed in the group that had ever purchased tobacco; otherwise, the 
household was in the group that had never purchased tobacco. Tobacco purchases served 
as a proxy for tobacco use. Because nonsmokers are known to have better diet quality than 
smokers, the known-groups design [66, 67] was used to test the concurrent criterion 
validity, a type of construct validity, of the Index. The distributions for each of the 




for normality (Kolmogorov-Smirnov D-statistic p < 0.01). Therefore, the nonparametric 
Wilcoxon Rank-Sum (Mann-Whitney U) Test was used to determine differences in the 
food quality component scores between the two groups [68]. All statistical tests were 























Table 3.1: The 4 Food Plan dietary patterns meet or exceed the HEI-2010 
standards for each of the food-based scoring components (ounce or cup 



























    
Total 
Vegetables 
≥1.1 cup eq. 1.4 cups 1.3 cups 1.5 cups 1.4 cups 
Greens and 
Beans 
≥0.2 cup eq. 0.4 cup 0.4 cup 0.5 cup 0.5 cup 
Total Fruit ≥0.8 cup eq. 0.9 cup 1.0 cup 0.9 cup 1.0 cup 
Whole Fruit ≥0.4 cup eq. 0.8 cup 0.8 cup 0.7 cup 0.8 cup 
Whole 
Grains 
≥1.5 oz. eq. 1.7 oz. 1.7 oz. 1.9 oz. 1.8 oz. 




≥2.5 oz. eq. 2.6 oz. 2.7 oz. 2.7 oz. 2.6 oz. 
Seafood and 
Nuts 
≥0.8 oz. eq. 1.2 oz. n/a n/a n/a 
Moderation 
 
    
Refined 
Grains 







n/a n/a n/a 
   * HEI-2010 standards are drawn from Table 1 in [43], p. 571 
**TFP column drawn from Table 3 of the TFP documentation in [32], pp. 20-22, after 
applying Census weights to standardize the reported values for the 15 TFP Age-Sex 
groups and calculating density per 1000 kcal 
*** Low-cost, Moderate-cost, and Liberal Plan columns drawn from Table A-3a-c of the 
Food Plan  documentation in [31], pp. A3-1ff., after applying Census weights to 
standardize the reported values for the 15 FP Age-Sex groups and calculating density per 
1000 kcal. Data not available for Seafood and Plant Proteins and for Empty Calories, 








Table 3.2: USDA Food Plan food categories that comprise the 
components of the Grocery Purchase Quality Index-2016, the 
standardized expenditure share for each food category, and 
the number of unique food items in each category in the 
analytic data set. 











All potato products Total Vegetables 2.65 1,584 (1.75) 
Orange vegetables Total Vegetables 2.37 140 (0.15) 
Other vegetables Total Vegetables 8.91 4,556 (5.03) 
Dark green vegetables Total Vegetables, 
Greens and Beans 
5.78 233 (0.26) 
Canned and dry beans, 
lentils, and peas 
Total Vegetables, 
Greens and Beans 
5.96 1,269 (1.40) 
Fruit juices Total Fruit 2.41 1,505 (1.66) 
Whole fruits Total Fruit, 
Whole Fruit 
14.90 4,641 (5.12) 
Whole grain breads, 
rice, pasta, and 
pastries 
Whole Grains 6.22 2,011 (2.22) 
Whole grain cereals Whole Grains 2.86 434 (0.48) 
Popcorn and other 
whole grain snacks 
Whole Grains 1.86 362 (0.40) 
Whole milk, yogurt, 
and cream 
Dairy 1.04 1,669 (1.84) 
Lower fat and skim 
milk and lowfat yogurt 
Dairy 11.90 1,476 (1.63) 
All cheeses Dairy 0.75 4,299 (4.75) 
Beef, pork, veal, lamb, 
and game 




Table 3.2 continued    











Chicken, turkey, and 
game birds 
Total Protein Foods 5.14 2,877 (3.18) 
Eggs and egg mixtures Total Protein Foods 0.29 289 (0.32) 
Fish and fish products Total Protein 
Foods, Seafood and 
Nuts 
5.51 4,152 (4.58) 
Nuts, nut butters, and 
seeds 
Total Protein 
Foods, Seafood and 
Nuts 
3.65 1,798 (1.98) 
Bacon, sausages, and 
luncheon meats 
Processed Meats 0.51 2,134 (2.36) 
Non-whole grain 
breads, cereals, rice, 
pasta, pies, pastries, 
snacks, and flours 
Refined Grains 5.44 19,441 (21.46) 
Milk drinks and milk 
desserts 
Added Sugars 0.45 1,792 (1.98) 
Soft drinks, sodas, 
fruit drinks, and ades 
Added Sugars 1.29 3,529 (3.90) 
Sugars, sweets, and 
candies 
Added Sugars 0.44 4,417 (4.88) 
Table fats, oils, and 
salad dressings 




Not used* 1.09 7,993 (8.82) 
Coffee and tea Not used* 0.13 3,547 (3.92) 




Table 3.2 continued    













Not used* 1.14 1,301 (1.44) 
Soups, dry Not used* 0.09 309 (0.34) 
Frozen or refrigerated 
entrees  
Not used* 0.16 3,519 (3.88) 
 
 100.00 90,589 
(100.00) 
 
*Six of the 29 categories, comprising 3.8% of the standardized Food Plan model’s total 
expenditure allocations, are not accounted for in the Grocery Purchase Quality Index-












Initial household count  134,146 0 
Exclude households with activity 
in more than one geographic 
region 
134,033 113 
Trim outliers (<1% and >99% of 
the distributions) for item counts 
and expenditures per household 
133,071 962 
Exclude households if fewer than 
50% of purchased items were 
covered by Food Plan categories 
used in the study 
133,050 21 
Apply constraint to require 
minimum household food 
expenditures for estimated cost of 
Thrifty Food Plan over the 15-
month period  ($2,186.00) 
81,303 51,747 
Randomly resample households by 
store location and select 4,000 
households without replacement 











RESULTS AND DISCUSSION 
 
4.1. Results 
   Because the sample was de-identified, demographic characteristics of the sample 
households are not available. Households that ever purchased tobacco were 22% of the 
sample, which is similar to the proportion of adults who smoke nationally (19% in 2011) 
[70].  
   The differences between the observed household expenditure shares and the standardized 
Food Plan expenditure shares for the food categories represented in the GPQI-2016 are 
illustrated in Figure 4.1 and Figure 4.2. The difference was small only for Total Protein 
Foods (beef, pork, veal, lamb, poultry, fish, eggs, nuts, and seeds).  
   Table 4.1 shows each step in the scoring procedure, the median score for each of the 
components of the GPQI-2016, and the total score for the total sample. Total scores for 
households that never purchased tobacco were 17% higher than those for households that 
had any history of tobacco purchases (p < 0.01) (Table 4.2). Differences in the median 
scores for each component were also statistically significant; and the differences were in 
the expected direction, except for Total Protein Foods, where the tobacco group score was 





   As recorded in the retail point-of-sale transaction log, the data elements and variables 
representing a customer’s set of grocery food purchases do not include direct indicators of 
the food products’ nutritional quality. These indicators were lacking because a grocery 
store’s operational database is designed primarily to register the sale of an item rather than 
to describe the product details. Therefore, variables for the meaningful secondary use of 
retail grocery transaction databases for nutrition analysis, such as package size and weights 
of foods that are not packaged, were missing or not readily available for most food items 
in the data set. Third-party proprietary data solutions, such as the Gladson Nutrition 
Database [71], provide more detailed item catalogs of packaged retail foods, including 
some or all of the Nutrition Facts Panel information, for example; and a number of 
proprietary third-party dietary quality measures for grocery food products have been 
developed, such as NuVal [72, 73] and Guiding Stars [74-76], and deployed at some retail 
chains. However, these solutions are typically expensive to license or employ methods of 
food quality assessment that are not reproducible by the nutrition research community at 
large [77]. Furthermore, these instruments do not provide the food-based variables needed 
for a food-based assessment, such as the Healthy Eating Index. In the future, semi-
automated item search and classification tools might expedite the mapping process and 
reduce the risk of classification error, given sufficient expert-curated training sets and 







4.2.1 Strengths and Limitations 
   Using grocery store sales data offers several strengths for assessing the quality of the 
home food environment. Nearly all grocery stores collect sales data linked to bar codes and 
the product codes used on produce, so household-specific data can be collected passively, 
imposing little respondent burden. Importantly, sales data are free of recall error. The 
GPQI-2016 potentially could scale from the household to the neighborhood- and to the 
regional-level of analysis, thereby facilitating study designs that are relatively inexpensive. 
The difference in scores between ever and never tobacco-purchasing households generally 
reflects the previously reported association between smoking and diet quality [44, 79], 
demonstrating the Index’s construct validity. 
   A further strength of the GPQI-2016 is that it is built on the evidence base that underlies 
the Healthy Eating Index-2010, namely the evidence behind the 2010 DGA. It also includes 
a moderation component for processed meats, and the evidence base for that is quite strong. 
The Index, however, does not capture the elements of the DGA that are measured by the 
nutrient-based components of the HEI-2010: sodium and the fatty acid ratio. Nor does it 
capture the solid fat and alcohol represented in the empty calories component. Therefore, 
total scores of the GPQI-2016 do not signify the same degree of compliance with the 2010 
DGA as total HEI-2010 scores do.  
   It would have been desirable to create an adequacy component for oils and a moderation 
component for solid table fats and shortening. Although it would be easy enough to identify 
food products that would belong in each of those categories, it was not possible to create 
such components for the GPQI-2016 because these two types of foods are unfortunately 




them separately has not been set by the USDA.  
   A limitation of this study was its reliance on USDA Food Plans, published almost a 
decade ago (2006-2007) and developed using data from NHANES, 2001-02. The GPQI-
2016 scoring design assumes the distribution of expenditure shares in each Food Plan 
market basket is less subject to variation than food prices over time, but accepting and 
applying this older USDA model to 2012-13 purchasing data likely introduced an unknown 
amount of error into the results presented here.      
   The current study’s methods were further limited by the fact that the sample was drawn 
from only one grocery chain. It is unknown whether the households shopped only at this 
chain or whether they visited other retailers (including farmers’ markets) and if so, how 
often. A possible source of unmeasured error consists of cases where a shopper for a given 
household forgot or did not swipe the household’s loyalty card or provide an alternate ID 
while making a grocery purchase. Mapping at the food item level would provide for greater 
accuracy in the assignment of grocery foods to Food Plan categories but was not feasible 
at the time. Reliance on subcommodity-level mappings introduced an unknown degree of 
measurement error. Demographic characteristics of households were not available, so 
analyzing other variables of interest could not be attempted. Finally, grocery food 
purchases are unlikely to be a complete reflection of a household’s total home food 
environment because foods purchased at places other than stores and then brought into the 








   Since nonsmokers are known to have better diet quality than smokers, results of this study 
establish the concurrent criterion validity, a type of construct validity, of the GPQI-2016 
as a method for assessing the quality of household grocery purchases. This approach to 
assessing food purchase behavior is unobtrusive and scalable to any number of households. 
It could also be used at higher levels, such as store, neighborhood, and geographic regions. 
In the future, it could be applied to longitudinal grocery data to describe and evaluate 





















Figure 4.1: Median grocery expenditures for eight categories of foods to 
increase, expressed as a percentage of standardized expenditure shares 
estimated from the USDA Food Plans, by 16,000 households in four areas of 























Figure 4.2: Median grocery expenditures for three categories of foods to 
decrease, expressed as a percentage of standardized expenditure shares 
estimated from the USDA Food Plans, by 16,000 households in four areas of 



















Table 4.1: Median Grocery Purchase Quality Index-2016 scores for 




















    
Total 
Vegetables 10.5 25.7 0.41 5 2.1 
Greens and 
Beans 
1.1 11.7 0.09 5 0.5 
Total Fruit 8.7 17.3 0.50 5 2.5 
Whole Fruit 6.7 14.9 0.45 5 2.3 
Whole 
Grains 
3.1 10.9 0.29 10 2.9 
Dairy 4.7 13.7 0.35 10 3.5 
Total Protein 
Foods 
18.2 20.5 0.89 5 4.5 
Seafood and 
Nuts 
3.8 9.2 0.42 5 2.1 
Moderation* 
     
Processed 
Meats 3.3 0.5 6.47 5 0.0 
Refined 
Grains 
14.7 5.4 2.70 10 5.8 
Added 
Sugars 
10.0 2.2 4.55 10 1.0 
Total Score  
   
75 29.5 









Table 4.2: Median (IQR) Grocery Purchase Quality Index-2016 Scores by 
Tobacco Purchasing Status.* 
Component 
(maximum score) 
Ever Tobacco (n=3540) Never Tobacco (n=12460) 
 
Median (IQR)** Median (IQR)** 
Adequacy 
Total Vegetables (5) 
 
1.9 (1.5, 2.4) 
 
2.1 (1.6, 2.7) 
Greens and Beans (5) 0.4 (0.3, 0.7) 0.5 (0.3, 0.8) 
Total Fruit (5) 2.0 (1.3, 2.9) 2.7 (1.8, 3.8) 
Whole Fruit (5) 1.7 (1.0, 2.6) 2.5 (1.5, 3.6) 
Whole Grains (10) 2.5 (1.6, 3.5) 3.0 (2.0, 4.2) 
Dairy  (10) 3.1 (2.2, 4.2) 3.6 (2.5, 5.1) 
Total Protein Foods (5) 4.6 (3.5, 5.0) 4.4 (3.2, 5.0)*** 
Seafood and Nuts (5) 1.9 (1.1, 3.2) 2.1 (1.2, 3.5) 
Moderation 
  
Processed Meats (5) 0.0 (0, 0.2) 0.0 (0, 1.6) 
Refined Grains  (10) 5.6 (4.2, 7.0) 5.9 (4.1, 7.4) 
Added Sugars  (10) 0.0  (0, 3.1) 1.5 (0.0, 4.9) 
Total Score (75) 26.3 (21.6, 31.4) 30.7 (25.3, 36.7) 
     *All differences are statistically significant (p < 0.01). 
     ** Interquartile range (Quartile 1, Quartile 3) 










FURTHER VALIDATION STUDIES 
 
 
5.1 The 2012 USDA-ERS FoodAPS  
      In 2012-13, the USDA-ERS conducted the first National Household Food Acquisition 
and Purchase Survey (FoodAPS) [80]. As distinct from the National Health and Nutrition 
Examination Survey (NHANES), which collects two 24-hour dietary recalls of foods 
consumed by individual respondents, the FoodAPS participants recorded foods as 
purchased by household members for a week, including both foods at home (FAH) that 
were bought at retail grocery stores or other outlets, as well as foods away from home 
(FAFH), which were acquired at restaurants, schools, or other locations. Previously 
restricted to use by research teams collaborating with USDA-ERS, public-use data sets 
from this survey are now available, with certain limitations intended mainly to protect the 
anonymity of the household respondents. These FoodAPS data were used to further 
evaluate the previously described scoring design based on the USDA Food Plans and its 
ability to assess food purchase quality: the Grocery Purchase Quality Index-2016 (GPQI-
2016). 
   A detailed description of the survey design and data collection procedures can be found 
in the USDA-ERS documentation [80]. One limitation is that the FoodAPS had a fairly 




FoodAPS are intended to make the results representative of the US population; however, 
they cannot correct for bias introduced when respondents differ from nonrespondents. The 
survey design included oversampling for groups of particular interest, such as participants 
in the Supplemental Nutrition Assistance Program (SNAP). Households using SNAP 
comprised 33% of the total 2012 FoodAPS sample: n=1,581 of 4,826 households total. The 
FAH shopping data for all the households in the sample were used to validate the GPQI-
2016. With this information on SNAP participation status, target expenditure shares of 
purchased food amounts drawn directly from the Thrifty Food Plan tables could perhaps 
be used in future work. This study used the GPQI-2016, which uses a composite of  all four 
Food Plans. 
   The FoodAPS data sets separate the reported household food acquisitions and purchases 
into distinct sets of files, based on their provenance as foods at home or as foods away from 
home. Household-level variables for each set contain a unique primary key (household ID 
number) to link and merge household attributes, such as the household’s income, with 
specific information about the foods purchased or otherwise acquired by the household 
during the 7-day reporting period. A detailed transaction log of food items (n=143,050 
FAH items for all 4,826 households) is structured by a unique event ID per household, such 
as a single grocery shopping trip, followed by sequential item numbers within that event 
representing the set of items in the market basket for that shopping trip. The food items 
reported by households during the survey period further include food descriptors, scanned 
product codes (UPCs), and package size information, when available (e.g., through third 
parties such as IRI). These food items are linked together using the same sequence of 




related nutrition information at the food item level, to match up with USDA food 
composition databases, the Food and Nutrition Database for Dietary Studies (FNDDS), and 
the Food Pattern Equivalents Database (FPED), using an 8-digit USDA-assigned FNDDS 
food code. These data are also identified in the FoodAPS by a higher-order (categorical) 
food classification schema developed by the USDA-ERS (variable name ‘foodgroup’). 
   There were n=3,113 unique USDA food codes in the FoodAPS FAH item and nutrient 
data sets of 143,050, once duplicate item rows within and between households were 
removed. Many of these item records (n=109,598) included a nonmissing UPC number 
(variable name ‘barcode’); however, text item descriptors relating to these UPCs were far 
less frequent (n=1,700 out of 33,689 unique UPC items). If the FNDDS main food 
descriptors are included, then most of the UPC items can be accounted for (n=33,303 of 
n=33,689 unique UPC items). The FoodAPS data further provide indicators of the 
reliability of the UPC and its related variables, such as package size; e.g., whether the UPC 
was scanned or keyed in later from shopper panel diaries and receipts by survey staff 
(variable names ‘barcodesource’ and ‘itemreportmethod’). For example, the record 
indicates whether the reported item was available on the IRI database, a national reference 
standard for aggregated retail food purchasing information (variable name 
‘upcreceiptmatch’). 
 
5.2 Food Plan Category Mapping 
   The clearest association with the schema used in the Food Plan market basket food 
categories can be discerned by comparing it to the USDA-ERS ‘foodgroup’ classification 




numbers were used to map reported FAH items to the 29 Food Plan food categories and 
then to build on the existing ERS food group –> FNDDS food code relationship in the 
FoodAPS data sets for scoring the same household food items with the HEI-2010, to 
prepare for validating the GPQI-2016. One exception was the case of soups (Food Plan 
category 27 and 28), which were not specifically represented in the ERS food group 
schema. Therefore, for future reference, soups were recoded using a second FoodAPS 
classification variable (USDAFOODCAT4=3802) for the mappings, but are not included 
in the GPQI-2016. (Compare Table 3.2.) As noted in the USDA documentation of the 
plans, the Food Plan market basket model does not pertain to foods away from home, so 
only the food at home items from the FoodAPS were included in these analyses. 
   In order to score the same sets of household FAH items, the base variables (‘inputs’) for 
each of the scoring methods had to be present. As described in Table 5.2, the inclusion and 
exclusion criteria filtered out items, and subsequently households if no eligible food items 
remained, according to 1) whether the items had valid price data, 2) whether they had been 
mapped to a USDA food code, and 3) whether they had valid (nonmissing) values for item 
weights in grams, whereby imputed values assigned by FoodAPS researchers were also 
considered acceptable.   
    
5.3 Characteristics of the Analytic Data Set 
   The FoodAPS data sets include information on the self-reported price (dollars) for each 
food item within a household purchasing event or transaction. Additional indicators help 
to assess the reliability of these amounts, e.g., if paper receipts of the transactions were 




with a valid dollar amount greater than zero, the total set of n=143,050 rows was reduced 
to n=135,977 reported FAH items, and the total household count of n=4,826 was reduced 
to n=4,285 eligible households for GPQI-2016 assessment. Once this working set of item 
transactions had been merged with the mapped set of food codes and items with valid 
portion weights in grams for HEI-2010 scoring, the final analytical sample was n=4,195 
households with n=99,376 reported FAH item purchases. See Table 5.2. 
   Distilling the unique number of items reported in the survey for an estimate of the 
contribution to each Food Plan category (see Table 5.3) was accomplished by testing for 
discrete items at the UPC level. For the analytic data set (n=99,376 item records), there 
were 29,786 unique UPC items in the 29 Food Plan categories. This FoodAPS item set is 
much smaller than what was available from the grocery database reported previously (see 
Table 3.2), and the item counts for several categories (e.g., meats) that consist of non-
packaged foods without a UPC may be understated in Table 5.3 as a consequence. 
   Having mapped household food purchases to an appropriate Food Plan category using 
the USDA-ERS food group classification schema as a guide (see Table 5.1) and having 
aggregated household FAH food expenditures for the reporting period to serve as the 
denominator for calculating observed expenditure shares per Food Plan food category, 
calculating the Grocery Purchase Quality Index-2016 is relatively straightforward. Results 
are shown in Table 5.4. Since the FoodAPS data sets include all the variables required to 
calculate the HEI-2010, such as energy (kcal), number of edible grams of foods as-
consumed, and the FPED values for 100 gram portions of each food as identified by an 
FNDDS food code, as well as nutrients of interest, such as sodium and saturated fat, the 




comparison. Edible grams for foods as-consumed are distinguished from total (unadjusted) 
grams as-purchased in the FoodAPS item nutrient record file codebook and kept in separate 
variables [80]. For many items, a refuse factor is also given (variable name ‘refuse’) to 
document this conversion process. In addition to the HEI-2010, the GPQI-2016 was 
calculated using the food amount tables in the USDA documentation (pounds per week, 
converted to grams in the as-purchased form as reported in the FoodAPS), after 
standardizing across age-gender groups using the 2012 Census population weights, as 
previously described for the expenditure share method. See Table 5.5. 
 
5.4 Correlation Analysis 
   In previous sections of the thesis, the validity of the GPQI-2016 was demonstrated using 
the known groups method. The statistically significant difference between the Food Plan 
scores for households that had never purchased tobacco, as compared to households that 
had ‘ever’ purchased tobacco, offered evidence of construct validity. Using a different 
(independent) set of households for analysis with the 2012 FoodAPS data, it becomes 
possible to validate the GPQI-2016 by comparing it directly with the reference standard in 
this domain: the HEI-2010 scores for the same households and the same sets of reported 
foods. Although the focus of the thesis remains on the Food Plan category expenditure 
shares model of the GPQI-2016, results showing the GPQI-2016 scores calculated using 
the Food Plan documentation’s food amount tables (pounds per week in grams) have been 
included in a second set of GPQI-2016 tables.     
   A first step in this comparison was to conduct a correlation analysis using the weighted 




correlation between the two components that are not common to both, Processed Meats 
and Sodium, was 0.25.) The strength of the correlations between the HEI-2010 and the 
Grocery Purchase Quality Index-2016 varied by component. Some adequacy components 
had associations as strong as r=0.85-0.86 (Total Fruits; Whole Fruits; Whole Grains), with 
most falling in the ‘moderate’ range of r=0.59-0.71. The moderation components had lower 
correlations than the adequacy components did: 0.55 for Refined Grains and 0.41 for 
Added Sugars. The weaker result for Moderation scoring is perhaps attributable to the 
greater divergence between the two methods when assessing these food components. Thus, 
the linear algorithmic model used to calculate GPQI-2016 moderation component scores, 
described in Chapter 3, lacks a range of both minimum and maximum levels of 
acceptability for these foods to contribute to the overall household diet without penalty. 
The standardized expenditure share is a limit for the maximum end of this range, with zero 
given as the minimum only by default. In addition, the component with the weakest 
correlation (Added Sugars) is one of the two components of the GPQI-2016 not directly 
reflected by the set of HEI-2010 components. The relationship between Added Sugars and 
Empty Calories is incomplete, or is only a partial relationship (again, solid fats are missing 
from the GPQI-2016 component). Despite these limitations, the weighted Pearson’s 
correlation coefficient between the total Grocery Purchase Quality Index-2016 and the 
Total HEI-2010 score was r=0.65, which is in the range of what is usually interpreted as 
being a moderately strong (positive) correlation [81, 82], thereby indicating construct 
validity for the GPQI-2016. See Table 5.6 and Table 5.7. The correlation between the two 
GPQI-2016 methods, using expenditure shares and using food weight amounts in pounds 




score. The weakness of the correlation between these two methods for the Refined Grains 
component score (r=0.54) was unexpected and merits further investigation.   
 
5.5 Class Variable Analysis 
   The next step in this analysis of the FoodAPS data, comparing HEI-2010 and Grocery 
Purchase Quality Index-2016 results, is presented in Table 5.9 and Tables 5.10-5.11, 
respectively. The total score served as the dependent variable in a weighted univariate 
regression model to illustrate the contribution of various subgroups of households 
comprising different response levels of a noncontinuous class variable. The reported t-
statistic indicates the significance of the difference between each response group in relation 
to a reference group (or control), set to zero in the model. An alpha level of 0.05 was used. 
The main outcome of note is that both total scores, the Total HEI-2010 and the Total 
Grocery Purchase Quality Index-2016, show roughly parallel patterns of similarity and 
difference among groups of interest in the respective statistical models.  
   In each case, for example, a higher-scoring reference region (West) has a statistically 
different modeling effect than lower-scoring regions (South and Midwest), and a similar 
one, as indicated by a nonsignificant p-value, for the other high-scoring region (Northeast). 
Each score (i.e., dependent variable) in the model varies across the same levels of other 
class variables selected as being of potential value in determining the effect of nutritional 
or educational information on food purchase quality. The higher frequency with which 
households use the Nutrition Facts Panel and shop with a grocery list, for example, is 
associated with higher total scores in both the HEI-2010 and the GPQI-2016. The use of 




purchasing and meal preparation decisions in the household that may affect food purchase 
quality in a positive direction. The beliefs (self-assessment) of the household about the 
quality of the FAH food environment also showed a similar pattern of significance. 
   An unexpected result, though the Total HEI-2010 showed borderline statistical 
significance at p=0.05, is the statistical nonsignificance of the factor indicating whether or 
not a household had attended a nutrition education event in the past 2 months. The event 
in question could have been anything from a college or night-school course on nutritional 
health to a weekend cooking class, but the household respondent’s level of nutritional 
knowledge would generally be expected to be associated with higher quality food quality 
scores, and yet that was not evident in these models. 
   Corroborating the findings in the main sections of this thesis on the relationship between 
tobacco use and the quality of food purchases, each of the indices is able to detect a 
statistically significant difference between the weighted mean total scores of households 
with a tobacco user present and households with no reported tobacco use. As expected from 
the literature and from the previous conclusions of the thesis (Chapter 4), higher total scores 





























Whole grain bread, rice, pasta, 
pastries (including whole grain 
flours) 
10102 
Whole-grain rice and 
pasta 
1 
Whole grain bread, rice, pasta, 
pastries (including whole grain 
flours) 
10104 
Whole-grain flour, bread 
mixes, frozen dough 
1 
Whole grain bread, rice, pasta, 






Whole grain cereals (including 











Non-whole grain bread, cereal, 






Non-whole grain bread, cereal, 






Non-whole grain bread, cereal, 




bread mixes, frozen 
dough 
4 
Non-whole grain bread, cereal, 
rice, pasta, pies, pastries, snacks, 
flours 
70404 Baked goods 4 
Non-whole grain bread, cereal, 
rice, pasta, pies, pastries, snacks, 
flours 
70405 Cake mixes 4 
Non-whole grain bread, cereal, 






Non-whole grain bread, cereal, 
rice, pasta, pies, pastries, snacks, 
flours 





































6 Dark-green vegetables 
20201 Fresh tomatoes 7 Orange vegetables 
20203 Canned tomatoes 7 Orange vegetables 
20401 
Fresh red and orange 
vegetables 
7 Orange vegetables 
20402 
Frozen red and orange 
vegetables 
7 Orange vegetables 
20403 
Canned red and orange 
vegetables 
7 Orange vegetables 
20501 
Fresh beans, lentils, 
legumes 
8 
Canned and dry beans, lentils, 
legumes 
20502 
Frozen beans, lentils, 
legumes 
8 
Canned and dry beans, lentils, 
legumes 
20503 
Canned beans, lentils, 
legumes 
8 
Canned and dry beans, lentils, 
legumes 
50701 
Tofu and meat 
substitutes 
8 





9 Other vegetables 
20602 
Frozen other/mixed  
vegetables 
9 Other vegetables 
20603 
Canned other/mixed  
vegetables 
9 Other vegetables 
30101 Fresh whole fruit 10 Whole fruits 
30102 Frozen whole fruit 10 Whole fruits 
30103 Canned whole fruit 10 Whole fruits 
30104 Dried whole fruit 10 Whole fruits 
30201 
100% fruit and vegetable 
juices 
11 Fruit juices 
40101 Whole milk 12 Whole milk, yogurt, and cream 
40102 Whole milk cream 12 Whole milk, yogurt, and cream 
40103 Whole milk yogurt 12 Whole milk, yogurt, and cream 
40201 Low-fat or skim milk 13 
Low-fat and skim milk and 
yogurt 
40202 
Low-fat or skim milk 
cream 
13 
















USDA Food Plan Category 
Description 
40203 
Low-fat or skim milk 
yogurt 
13 
Low-fat and skim milk and 
yogurt 
40301 All unprocessed cheese 14 
All cheese (including cheese 
soup and sauce) 
40302 
Processed cheese, soups, 
sauces 
14 
All cheese (including cheese 
soup and sauce) 
70406 
Milk drinks and milk 
desserts 
15 Milk drinks and milk desserts 
50101 
Fresh beef, pork, veal, 
lamb, game 
16 
Beef, pork, veal, lamb, and game 
meats 
50102 
Frozen beef, pork, veal, 
lamb, game 
16 
Beef, pork, veal, lamb, and game 
meats 
50103 
Canned beef, pork, veal, 
lamb, game 
16 
Beef, pork, veal, lamb, and game 
meats 
50201 
Fresh chicken, turkey, 
game birds 
17 Chicken, turkey, and game birds 
50202 
Frozen chicken, turkey, 
game birds 
17 Chicken, turkey, and game birds 
50203 
Canned chicken, turkey, 
game birds 
17 Chicken, turkey, and game birds 
50301 Fresh fish and seafood 18 Fish and fish products 
50302 Frozen fish and seafood 18 Fish and fish products 
50303 Canned fish and seafood 18 Fish and fish products 
50501 
Bacon, sausage, lunch 
meats, etc. 
19 
Bacon, sausages, lunch meats 
(including spreads) 
50401 Raw nuts and seeds 20 Nuts, nut butters, and seeds 
50402 
Processed nuts/seeds and 
spreads 
20 Nuts, nut butters, and seeds 
50601 Eggs and egg substitutes 21 Eggs and egg mixtures 
70101 Fats and oils 22 
Table fats, oils, and salad 
dressing 
70102 Salad dressing 22 
Table fats, oils, and salad 
dressing 
70201 
Condiments, gravies and 
sauces 
23 
Gravies, sauces, condiments, 
spices 
70202 Dry spices 23 
Gravies, sauces, condiments, 
spices 
70301 
Sweetened coffee and 
tea 
24 Coffee and tea 
70302 
Unsweetened coffee and 
tea 















USDA Food Plan Category 
Description 
70303 Low-calorie beverages 25 
Soft drinks, sodas, fruit drinks, 
ades (including rice beverages) 
70304 
All other caloric 
beverages 
25 
Soft drinks, sodas, fruit drinks, 
ades (including rice beverages) 
70401 Sweeteners 26 Sugars, sweets, and candies 
70402 Jellies and jams 26 Sugars, sweets, and candies 
70403 Candy 26 Sugars, sweets, and candies 





Frozen and refrigerated entrees 
(including pizza, fish sticks, and 
frozen meals) 
60201 Frozen prepared meals 29 
Frozen and refrigerated entrees 
(including pizza, fish sticks, and 
frozen meals) 
60301 Canned prepared meals 29 
Frozen and refrigerated entrees 






Frozen and refrigerated entrees 
(including pizza, fish sticks, and 
frozen meals) 
70305 Alcohol 99 Not used in Food Plans 
70306 Water 99 Not used in Food Plans 
70601 
Vitamins and meal 
supplements 
99 Not used in Food Plans 
70701 Baby food 99 Not used** 
70801 Infant formula 99 Not used** 
* Soups were mapped to Food Plan category 27 (Soups, ready-to-serve and 
condensed) using a different FoodAPS classification scheme (USDAFOODCAT4 
= 3802 (Soups)). 
**Not used because the Dietary Guidelines, the basis for both Indices, apply to 












Initial household count  4,826 0 
Exclude food items with missing 
or unverified expenditure data 
(totitemexp_flag = 1), while 
keeping imputed dollar values 
4,367 459 
Exclude food acquisitions with 
dollar values, but coded as ‘free’ 
(free=1) 
4,313 54 
Exclude food items with negative 
dollar amounts (e.g., coupons) 
4,285 28 
Exclude food items if a USDA 
food code was missing 
4,274 11 
Exclude food items if a food 
amount (actual or imputed number 







Table 5.3: USDA Food Plan food categories that comprise the 
components of the Grocery Purchase Quality Index-2016, the 
standardized expenditure share for each food category, and the 
number of unique food items in each category in the FoodAPS  
analytic data set. 











All potato products Total Vegetables 2.65 371 (1.20) 
Orange vegetables Total Vegetables 2.37 250 (0.81) 
Other vegetables Total Vegetables 8.91 917 (2.96) 
Dark green vegetables Total Vegetables, 
Greens and Beans 
5.78 186(0.60) 
Canned and dry beans, 
lentils, and peas 
Total Vegetables, 
Greens and Beans 
5.96 324 (1.05) 
Fruit juices Total Fruit 2.41 453 (1.46) 
Whole fruits Total Fruit, 
Whole Fruit 
14.90 715 (2.31) 
Whole grain breads, 
rice, pasta, and 
pastries 
Whole Grains 6.22 312 (1.01) 
Whole grain cereals Whole Grains 2.86 504 (1.63) 
Popcorn and other 
whole grain snacks 
Whole Grains 1.86 285 (0.92) 
Whole milk, yogurt, 
and cream 
Dairy 1.04 512 (1.65) 
Lower fat and skim 
milk and lowfat yogurt 
Dairy 11.90 1,320 (4.26) 
All cheeses Dairy 0.75 1,513 (4.89) 
Beef, pork, veal, lamb, 
and game 




Table 5.3 continued    











Chicken, turkey, and 
game birds 
Total Protein Foods 5.14 306 (0.99) 
Eggs and egg mixtures Total Protein Foods 0.29 337 (1.09) 
Fish and fish products Total Protein 
Foods, Seafood and 
Nuts 
5.51 418 (1.35) 
Nuts, nut butters, and 
seeds 
Total Protein 
Foods, Seafood and 
Nuts 
3.65 450(1.45) 
Bacon, sausages, and 
luncheon meats 
Processed Meats 0.51 1,366(4.41) 
Non-whole grain 
breads, cereals, rice, 
pasta, pies, pastries, 
snacks, and flours 
Refined Grains 5.44 6,183(19.97) 
Milk drinks and milk 
desserts 
Added Sugars 0.45 1,084 (3.50) 
Soft drinks, sodas, 
fruit drinks, and ades 
Added Sugars 1.29 2,174 (7.02) 
Sugars, sweets, and 
candies 
Added Sugars 0.44 2,304 (7.44) 
Table fats, oils, and 
salad dressings 




Not used* 1.09 1,893 (6.11) 
Coffee and tea Not used* 0.13 688 (2.22) 




Table 5.3 continued    













Not used* 1.14 691(2.23) 
Soups, dry Not used* 0.09 0 (0.00) 
Frozen or refrigerated 
entrees  
Not used* 0.16 3,269 (10.56) 
TOTALS  100.00 29,786 
(100.00) 
 
*Six of the 29 categories, comprising 3.8% of the standardized Food Plan model’s total 
expenditure allocations, are not accounted for in the Grocery Purchase Quality Index-







Table 5.4: Weighted Mean Grocery Purchase Quality Index-2016 
scores using standardized expenditure shares, for all households in 























8.8 25.7 0.34 5 1.4 
Greens and 
Beans 
1.4 11.7 0.12 5 0.5 
Total Fruit 11.0 17.3 0.63 5 2.2 
Whole Fruit 9.3 14.9 0.62 5 2.0 
Whole Grains 4.1 10.9 0.37 10 2.6 
Dairy 6.5 13.7 0.47 10 3.5 
Total Protein 
Foods 
8.7 20.5 0.43 5 1.6 
Seafood and 
Nuts 
3.7 9.2 0.40 5 1.1 
Moderation*      
Processed 
Meats 
4.3 0.5 12.4 5 3.1 
Refined 
Grains 
15.4 5.4 3.1 10 5.9 
Added Sugars 16.7 2.2 6.9 10 3.2 
Total Score  
   
75 27.0 






Table 5.5: Weighted Mean Grocery Purchase Quality Index-2016 
scores using standardized food amounts (pounds per week in grams), 




















    
Total 
Vegetables 
1578 3991 0.40 5 1.6 
Greens and 
Beans 
209 1493 0.14 5 0.6 
Total Fruit 1981 3567 0.56 5 2.0 
Whole Fruit 1375 2934 0.47 5 1.7 
Whole Grains 395 1051 0.38 10 2.6 
Dairy 2367 5484 0.43 10 3.3 
Total Protein 
Foods 
868 1523 0.57 5 1.8 
Seafood and 
Nuts 
239 443 0.54 5 1.2 
Moderation*      
Processed 
Meats 
346 28 12.4 5 3.1 
Refined 
Grains 
1661 528 3.2 10 6.2 
Added Sugars 5170 753 6.9 10 5.4 
Total Score     75 29.6 






Table 5.6: Grocery Purchase Quality Index-
2016 scores using standardized expenditure 





















Total Fruit Total Fruit 0.85 
Whole Fruit Whole Fruit 0.86 
Whole Grains Whole Grains 0.85 

















Added Sugars Empty 
Calories 
0.41 
Total Score  Total Score  0.65 
   * p < 0.01 





Table 5.7: Grocery Purchase Quality Index-
2016 scores using standardized food amounts 





















Total Fruit Total Fruit 0.72 
Whole Fruit Whole Fruit 0.78 
Whole Grains Whole Grains 0.79 

















Added Sugars Empty 
Calories 
0.35 
Total Score  Total Score  0.67 
   * p < 0.01 





Table 5.8: Grocery Purchase Quality Index-2016 
scores using standardized food amounts (pounds 
per week in grams); correlation with Grocery 
Purchase Quality Index-2016 scores using 







Total Vegetables 0.67 
Greens and Beans 0.74 
Total Fruit 0.74 
Whole Fruit 0.76 
Whole Grains 0.84 
Dairy 0.77 
Total Protein Foods 0.78 
Seafood and Nuts 0.89 
Moderation  
Processed Meats 0.98 
Refined Grains 0.54 
Added Sugars 0.64 
Total Score  0.80 





Table 5.9: Total HEI-2010 scores in relation to characteristics of interest for 














= 0.05 a 
 
Census Region     
Northeast 709 52.9 0.535  
Midwest 1024 51.2 0.059  
South 1519 50.1 0.002 ** 
West 943 53.8 [reference]   
    
Poverty Ratio     
Under 100%; no SNAP 289 51.0 [reference]  
100%-185%; no SNAP  742 48.7 0.172  
Over 185%; no SNAP 1809 53.3 0.155  
SNAP household 1355 45.4 0.001 **  
    
Uses Nutrition Facts 
Panel 
    
Always 635 56.5 <.001 ** 
Most of the time 913 53.2 <.001 ** 
Sometimes 1217 51.6 0.001 ** 
Rarely 581 47.7 0.322  
Never 815 46.6 [reference]  
Never seen 32 40.1 0.1067   
    
Shops With Grocery List     
Almost always 1304 53.3 <.001 ** 
Most of the time 763 51.9 0.009 ** 
Sometimes 897 51.3 0.024 ** 
Seldom 436 50.6 0.241  
Never 794 48.5 [reference]   
    
Self-assessment of overall 
household diet 
   
Excellent 196 56.8 0.063  
Very good 816 54.6 0.150  
Good 1507 51.1 0.541  
Fair 746 47.0 0.650  
Poor 124 48.6 [reference]   
    
Any tobacco users in 
household 
   


















= 0.05 a 
 
No 2607 53.7 [reference]  
 
Nutrition education in 
past 2 months 
    
Yes 236 54.6 0.052 * 
No 3959 51.4 [reference]   
    
Believes family is eating 
healthy foods         
    
Yes 1666 53.1 0.004 ** 
No 2522 50.5 [reference]  
     
































Table 5.10: Total Grocery Purchase Quality Index-2016 score using 
standardized expenditure shares, in relation to characteristics of interest for 
FoodAPS household food purchase quality assessment (n=4195). 














= 0.05 a 
Census Region     
Northeast 709 28.4 0.399  
Midwest 1024 26.6 0.013 ** 
South 1519 25.6 0.001 ** 
West 943 29.4 [reference]   
    
Poverty Ratio     
Under 100%; no SNAP 289 27.3 [reference]  
100%-185%; no SNAP  742 25.2 0.119  
Over 185%; no SNAP 1809 28.1 0.511  
SNAP household 1355 22.8 0.001 **  
    
Uses Nutrition Facts Panel     
Always 635 31.0 <.001 ** 
Most of the time 913 28.3 <.001 ** 
Sometimes 1217 26.7 0.002 ** 
Rarely 581 23.7 0.985  
Never 815 23.7 [reference]  
Never seen 32 20.3 0.094   
    
Shops With Grocery List     
Almost always 1304 28.1 0.001 ** 
Most of the time 763 27.3 0.001 ** 
Sometimes 897 27.1 0.002 ** 
Seldom 436 26.9 0.041 ** 
Never 794 24.5 [reference]   
    
Self-assessment of overall 
household diet 
   
Excellent 196 30.2 0.012 ** 
Very good 816 29.9 0.004 ** 
Good 1507 25.7 0.550  
Fair 746 22.6 0.152  
Poor 124 24.7 [reference]   
    
Any tobacco users in household    




Table 5.10 continued     













= 0.05 a 
No 2607 28.6 [reference]  
 
Nutrition education in past 2 
months         
    
Yes 236 28.3 0.301  
No 3959 26.9 [reference]   
    
Believes family is eating healthy 
foods         
    
Yes 1666 28.5 0.001 ** 
No 2522 25.9 [reference]  
     





Table 5.11: Total Grocery Purchase Quality Index-2016 score using 
standardized food amounts (pounds per week in grams), in relation to 
characteristics of interest for FoodAPS household food purchase quality 
assessment (n=4195). 














= 0.05 a 
Census Region     
Northeast 709 29.9 0.096  
Midwest 1024 30.0 0.110  
South 1519 28.3 0.001 ** 
West 943 31.6 [reference]   
    
Poverty Ratio     
Under 100%; no SNAP 289 29.5 [reference]  
100%-185%; no SNAP  742 27.6 0.236  
Over 185%; no SNAP 1809 30.8 0.409  
SNAP household 1355 25.5 0.014 **  
    
Uses Nutrition Facts Panel     
Always 635 32.8 <.001 ** 
Most of the time 913 31.1 <.001 ** 
Sometimes 1217 29.9 <.001 ** 
Rarely 581 26.6 0.193  
Never 815 25.6 [reference]  
Never seen 32 27.0 0.531   
    
Shops With Grocery List     
Almost always 1304 31.2 <.001 ** 
Most of the time 763 29.8 0.002 ** 
Sometimes 897 29.6 0.004 ** 
Seldom 436 29.1 0.013 ** 
Never 794 26.8 [reference]   
    
Self-assessment of overall household diet    
Excellent 196 33.0 0.040 ** 
Very good 816 33.1 0.014 ** 
Good 1507 28.9 0.990  
Fair 746 26.6 0.121  







Table 5.11 continued     














= 0.05 a 
Any tobacco users in household    
Yes 1586 25.8 <.001 ** 
No 2607 31.3 [reference]   
    
Nutrition education in past 2 months            
Yes 236 31.6 0.114  
No 3959 29.5 [reference]   
    
Believes family is eating healthy foods            
Yes 1666 30.9 0.001 ** 
No 2522 28.8 [reference]  
     












   Given a valid metric for assessing food purchase quality, it remains necessary to 
translate and communicate the numeric scale of compliance with dietary standards, e.g., 
an HEI-2010 or a GPQI-2016 score, back into terms that a consumer household can 
understand and use to improve the quality of the home food environment. Informatics 
applications can be designed using a rule-based approach that will trigger messages if the 
gap between observed and expected values exceeds a certain theoretical threshold (e.g., 
scores less than 50% of the maximum score per component). Alternative approaches may 
include qualitative factors to assist consumers with the decisions they make in the store 
while shopping and ‘nudge’ them in the direction of improved purchase food quality, by 
casting those choices in more specific and familiar terms. The conceptual models 
informing each of these approaches are the topic of this concluding chapter. 
 
6.1 Alternative Directions in Decision Theory: How to Support Behavioral Change 
   Normative decision theory focuses on identifying the optimal -- most rational -- choice 
from a set of alternatives, based on certain predefined criteria for what is to be considered 
‘optimal,’ such as maximizing utility or value when shoppers select from products at 




guidelines provide an example of normative decision making about nutrition, where the 
goal, or optimal outcome, would be perfect adherence to the criteria set forth in the 
guidelines, after accounting for any individual variables such as differences in daily energy 
requirements, allergies, or medical conditions.  
   For normative decision theory, the idea is that the individual has systematically weighed 
the available alternatives and exhausted all the relevant possibilities to arrive at the best 
decision fitting the criteria for an optimal outcome. At a minimum, it must assume that the 
criteria to be applied are already known. In that case, in theory, the more detailed the 
information that is available, the more reliable the final decision will tend to be. In the 
nutrition example, knowing the number of calories per serving for a given food product is 
necessary in order for a consumer to estimate whether or not the choice to buy and consume 
that food will cause them to exceed their daily energy requirements. According to this 
branch of decision theory, additional information, such as the daily values on the Nutrition 
Facts Panel, will also help an individual decide whether consumption of that item compares 
positively or negatively with similar items on the shelf. As noted in the previous chapter 
on the FoodAPS, use of the facts panel was associated with higher total scores in both the 
HEI-2010 and the GPQI-2016 metrics. 
   Normative decision theory lends itself quite well to a rule-based computational model of 
decision making: given this set of criteria and that set of inputs in each case, find the 
optimal solution that fits the criteria most closely. Behavioral decision theory draws 
attention to the significance of the many nonrational factors in human decision making, 
such as the power of habit, the role of preferences, and the use of heuristics or short-cuts 




argue that it is necessary to account for the limited time and resources that human beings 
are normally able to devote to even the most important decisions; that even when they 
apply the logic to arrive at a decision using the logical model in normative theory, they 
often stop short at solutions that are ‘good enough’ -- called ‘satisficing’ [86] --, in a given 
situation or context, rather than continuing to spend time and energy exhausting further 
possibilities in order to arrive at an optimal, or 100% correct, decision. Pragmatic choices 
are more frequently reached in accordance with the so-called ‘80/20 rule’, without striving 
for the perfectly optimal outcome. The idea informing heuristics is that a set of perceptual-
cognitive short-cuts and an ability to understand environmental cues have evolved and 
allowed human beings to by-pass the necessity of thinking through each and every decision 
from scratch, without sacrificing too much in either utility or accuracy. From this idea, it 
follows that higher-order categories might be more quickly and easily recognized and 
remembered than more detailed information when making everyday decisions. The idea 
itself is not necessarily limited to decisions about food products, but several studies point 
to the effective use of heuristics in consumers’ decisions about food [87, 88]. The 
significance of these insights in the fields of consumer psychology, marketing research, 
and consumer economics is elaborated in the literature, yet may seem counter-intuitive, at 
best, in the case of dietary studies, where the goal of nutritional counseling and advice is 
so often geared towards trying to break the power of habit and encourage a more thoughtful 







6.2 A Behavioral Theory Application Framework: Recommender Systems 
   One potential benefit of including behavioral factors to elucidate the conceptual 
background for a food purchasing quality decision support or recommender system 
application framework is to acknowledge the complex role of habitual behaviors in the 
process [89-91]. Habitual dietary behaviors may cause an individual to resist recommended 
changes or result in hesitation to try out new foods (‘food neophobia’); yet changes in 
dietary behavior must become habitual in order to remain effective over time. There is also 
a sense in which it is easier to reform existing habits by redirecting them in the right 
direction, as it were, through so-called ‘nudges’, rather than trying to teach or create a new 
set of habits from scratch. One hypothesis informing this work is that having a record of 
household grocery purchasing behavior can serve as a proxy for existing dietary patterns 
and habits, in the form of ‘revealed preferences’ [92], and that evaluating the quality of a 
household’s prior food purchases can therefore indicate with greater specificity where 
household habits might need to change in order to better conform with the guidelines, while 
still keeping the formation of new habits within the familiar context of a given household’s 
shopping history. 
   The current thesis is limited in scope and is not able to evaluate whether taking 
purchasing history into account also increases the likelihood that a household will accept a 
recommendation or try to follow it. However, that is an important topic for future research.    
   The literature [93] [94, 95] distinguishes three main approaches to building a 
recommender system: 1) collaborative filtering identifies users with similar sets of 
preferences and groups them into ‘neighborhoods’ based on a similarity metric; 2) content-




to find related items to ones that a user has indicated a preference (high rating) for, and 
may employ natural language preprocessing and information retrieval techniques to find 
matching items; and 3) knowledge-based recommender systems, which leverage external 
sources of information that may include business rules or predefined constraints to narrow 
down the possible candidate items for recommendation, as well as domain ontologies with 
concepts and terms to govern the recommendation process and messaging beyond what is 
available at the descriptive level of an item catalog. Hybrid recommender systems combine 
these approaches. There has also been some discussion of dynamic (interactive, 
conversational) recommender systems, particularly to assist with the evaluation of a 
system’s accuracy and usefulness. 
   In the context of nutrition informatics, there might be use cases where the collaborative 
filtering model could be appropriate, such as web sites offering healthy recipes that a 
community of users would rate and that could subsequently be recommended to others with 
similar tastes and preferences. One possible obstacle confronting such a project scenario 
would be the so-called ‘cold start problem’, since it might take time for a sufficiently large 
and active user community to form and rate the recipes so that a recommender system using 
collaborative filtering could issue useful recommendations. A larger issue with the ‘plain’ 
(or default) collaborative filtering model for recommendations is the sensitive question of 
whether and to what extent reinforcing existing user preferences is advisable in a nutrition-
related context. So a hybrid combination of this technique with either a content-based or a 
knowledge-based approach would likely prove necessary, such that only nutritious foods 
and healthy recipes would be made available on the website (content-based criteria) or such 




(knowledge-based criteria), as a factor in their user profile, to reduce the chances that less-
healthy but ‘popular’ food choices would be propagated through the recommender system. 
   A different nutrition-related informatics project scenario might leverage data from pantry 
shelf scans, food diaries, or retail food transactions as a form of implicit feedback for 
generating recommendations, without explicit ratings of items by shoppers. Theoretically, 
the transaction data could be comprised of restaurant food receipts as well as grocery item 
purchases, but would need to be linked to an individual or a household as the ‘user ID’. 
Here as well, it would be essential to inject external nutritional knowledge as a filter or 
constraint into the recommendation process, so as to encourage behavioral change, as 
necessary, rather than only reinforcing existing dietary preferences based on similarity with 
other shoppers’ choices and consideration sets.  
   Conducting independent dietary assessments with a validated set of dietary quality scores 
such as the Healthy Eating Index to generate profiles of dietary behavior a priori, and 
including demographics such as age, gender, body mass index, and overall health status 
indicators, would help to refine the recommendation process using knowledge-based 
constraints. A recommender system could then be developed to take these behavioral 
factors and dietary quality scores into account to ensure that, given similar user dietary 
preferences or similar sets of food items, a ‘more healthy’ individual or household would 
allow the system to personalize dietary recommendations to a ‘less healthy’ individual or 
household, within the same recommender system ‘neighborhood’. 
   In accordance with the decision-theory perspective sketched here to contextualize future 
use cases for a household food purchase quality scoring method, a combination (hybrid) 




promise in bridging the gap so often observed between dietary standards and dietary 
behavior in the general population. As demonstrated earlier in the thesis, the guidance can 
be operationalized in the form of food quality scores to assess a household’s level of 
adherence to recommendations, but the task of rendering the guidance represented by these 
scores meaningful to consumers as a practical step in inducing and maintaining behavioral 
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